JP2001-214162 English.doc 



PATENT ABSTRACTS OF JAPAN 

(11)Publication number : 2001-214162 

(43)Date of publication of application : 07.08.2001 



(51)lnt.CI. 



C09K 11/64 



C03C 3/11 



C09K 11/00 



H01 L 33/00 



(21) Application number : 2000-030280 

(22) Date of filing : 02.02.2000 

(71 Applicant : JAPAN SCIENCE & TECHNOLOGY CORP 
(72) Inventor : UEDA KYOTA 

ENDOTADASHI 

KOMATSU MASAKAZU 



(54) PHOSPHOR COMPRISING OXYNITRIDE GLASS AS MATRIX MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a phosphor suitable for a visible 
illuminant, including a white LED phosphor which uses blue LED as an 
illuminant, and conventionally, an oxide series phosphor has generally over 400 
nm and greatly decreases excitation spectrum intensity, and in white LED 
coated an InGaN series blue LED(light emission diode) ship with a YAG series 
fluophor, an excitation peak of the fluophor does not effectively lap on a light 
emission peak of the blue LED and locates in a short wavelength side, 
resultingly, in a white LED manufacture with high luminance, the phosphor has 
not good excitation efficiency. 

SOLUTION: The phosphor comprising an oxynitride glass matrix comprises 
CaC03 of 20-50 mol% (in terms of CaO), AI203 of 0-30 mol%, SiO of 25-60 
mol%, AIN of 5-50 mol%, and a rare earth oxide or a transition metallic oxide of 
0.1-20 mol% (the sum of the five components is 100 mol%). A content of 
nitrogen is <15%. Another rare earth element ion of 0.1-10 mol% (in terms of an 
oxide) may be contained on fluorescent glass as a coactivating agent. 
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[Claim(s) ] 

[Claim 1] CaC03 is converted into CaO by a mol % displays, and it 
is :20-50~mol % and aluminum 203. : Fluorescent substance with which the 
sum total of five components used the 100-mol oxy-nitride glass used as % 
as the parent ingredient at 0-30-mol % and SiO: 25-60-mol % and AlN:5-50-mol 
oxide [ % and rare earth ] or transition-metals oxide: 0. 1-20-mol %. 
[Claim 2] The fluorescent substance which used as the parent ingredient 
the oxy-nitride glass according to claim 1 characterized by a nitrogen 
content being less than [ 15wt% ]. 

[Claim 3] The fluorescent substance which used as the parent ingredient 
the oxy-nitride glass according to claim 1 characterized by containing as 
a coactivator with 0. 1-10-mol % of a content in fluorescent glass by using 
other rare-earth-elements ion used as the sensitizer other than rare earth 
oxide ion according to claim 1 as a rare earth oxide. 

[Claim 4] White light emitting diode which makes the light source InGaN 
system blue light emitting diode, and is characterized by using the 
fluorescent substance indicated by claim l.thru/or any one of the 3. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a fluorescent substance, especially a 
fluorescent substance useful as a fluorescent substance of the white light emitting 
diode (white LED) which makes the light source blue light emitting diode (blue LED). 
[0002] 

[Description of the Prior Art] Although the powder and the thin film-like oxide emitter 
which used rare earth elements are widely known from the former There are few 
examples of research of the emitter which carried out activation of the rare earth 
elements to the non-oxide. On the other hand, about a nitride or an oxy-nitride the 
oxy-nitride crystal (JP,60-206889,A --) of SiON systems, such as beta sialon structure 
J. W.H.van Krevel etal "Long wavelength Ce3+emission in YSr0-N materials", Journal 
of Alloys and Compounds 268 272(l998)-277, etc. are indicated. 

[0003] Moreover, it is Eu 203 which is an emission center as an emitter in crystalline 
vitreous state instead of powder or a thin film. Tb 203 FUTSU phosphate fluorescent 
glass (JP,8-133780,A) and oxide fluorescent glass (JP,10*167755,A) which are contained 
comparatively so much are known. 

[0004] Conventionally, white LED is used in the field which needs visibility, such as a 
destination guide plate of a field and ** station with which small and light weights, 
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such as a field, ** mount lighting, the liquid crystal back light, etc. of which 
dependability, such as ** accident prevention lighting of lighting device industry and 
display industry, is required, are liked. The luminescent color of white LED is obtained 
by the principle about the color mixture of light, and the blue glow absorbed by the 
fluorescent substance works also as a source of excitation, and emits yellow 
fluorescence. This yellow light and blue glow mix together, are carried out, and it is 
visible to human being's eyes as white. 

[0005] The fluorescent substance which doped Ce as a fluorescent substance suitable 
for white LED in the YAG system oxide parent grid especially expressed with the 
empirical formula of 3 (Y, Gd) 5 (aluminum, Ga) 012 is known. From the former, the 
InGaN system blue LED chip front face of the source of luminescence is thinly coated 
with this fluorescent substance, and it is used for it. 

[0006] However, the luminescence peak which InGaN system blue LED used as the 
light source of white LED shows is 465"520nm, and is located in a long wavelength side 
from the wavelength range which can excite a YAG system fluorescent substance. 
[0007] 

[Problem(s) to be Solved by the Invention] The conventional oxide system fluorescent 
substance has that common to which excitation-spectrum reinforcement decreases 
remarkably, if the wavelength of 400nm is exceeded. For this reason, in white LED 
(white light emitting diode) which applies a YAG system fluorescent substance to an 
InGaN system blue LED chip, and is made, since the excitation peak of a fluorescent 
substance did not lap with the luminescence peak of blue LED efficiently but was 
located more in a short wavelength side, excitation efficiency was not necessarily a 
good fluorescent substance producing white LED of high brightness. 
[0008] 

[Means for Solving the Problem] Then, this invention person transposed a part of 
oxygen (- divalent) to nitrogen (■ trivalent), when the rate of the ionicity of association 
or share nature changed, he resulted in the idea that excitation / luminescence 
wavelength changes free, he added an alkaline earth (+ divalent) and emission center 
ion in the textile glass yarn which made the whole charge balance neutrally, and 
completed this invention. Such the way of thinking is new and production of the 
oxynitride glass which had an excitation spectrum in the large wavelength range of 
visible and an ultraviolet radiation field (<=550nm) does not have an example. That is, 
the fluorescent substance of this invention permutes and compounds some calcium2+ 
ion of a parent ingredient with transition- metals ion, such as rare earth ion used as an 
emission center, such as Eu2+, Eu3+, Ce3+, and Tb3+, or Cr3+, and Mn2+, using 
oxy nitride glass as a parent ingredient. 
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[0009] This invention is a mol % displays and is CaC03. It converts into CaO and 
is :20-50-mol % and aluminum 203. : It is 0-30-mol % and SiO:25-60 mol % and 
AlN-5-50-mol oxide [ % and rare earth ] or transition-metals oxide* 0.1-20-mol %, and is 
the fluorescent substance with which the sum total of five components used the 
100-mol oxynitride glass used as % as the parent ingredient. 

[00 10] Moreover, this invention is the fluorescent substance which used as the parent 
ingredient the above-mentioned oxynitride glass characterized by a nitrogen content 
being less than [ 15wt% ]. 

[0011] Moreover, this invention is the fluorescent substance which used as the parent 
ingredient the above-mentioned oxy-nitride glass characterized by containing as a 
coactivator with the content of the 0.1-10-mol range of % in fluorescent glass by using 
other rare-earth-elements ion used as the sensitizer other than the aforementioned 
rare earth oxide ion as a rare earth oxide. 

[0012] Furthermore, this invention is white LED using the above-mentioned 
fluorescent substance which makes InGaN system blue LED the light source. 
[0013] CaC03 of the component of the fluorescent substance of this invention Stability 
can be made to contain so much the rare earth ion or transition-metals ion which is the 
raw material of CaO and it not only extends the vitrification range, but serves as an 
emission center into fluorescent glass. The 20'30-mol range of % is more desirable. In 
addition, it becomes possible by transposing easily the calcium2+ ion in a calcium2+ 
site to Sr2+ or Ba2+ ion to control the content of the rare earth oxide used as emission 
center ion, or a transition- metals oxide by 0.1-20-mol% of within the limits free as 
ab o ve * me ntio ne d . 

[0014] A1N and aluminum 203 It uses in order to change a nitrogen content. A1N is 
40-10-mol % and aluminum 203. The 0-20-mol range of % is more desirable. Si02 It is 
one of the glass formation components, and is CaO. The melting temperature of glass 
melt is reduced by combining. The 30-40-mol range of % is more desirable. 
[0015] In the range not more than 20 mol % which is the raw material which dopes 
transition-metals ion, such as rare earth ion, such as Eu2+, Eu3+, Ce3+, and Tb3+, or 
Cr3+, and Mn2+, in glass, and is a glass presentation limitation, activation of a rare 
earth oxide or the transition-metals oxide is carried out, and it has strong 
luminescence reinforcement in the 0.5-10-mol % amount of activation concentration 
quenching of an emission center is not accepted to be. 

[0016] Oxy-nitride glass permutes a part of oxygen by nitrogen, the chemical bond of 
the glass network structure is strengthened by installation of nitrogen, and what (for 
example, JP,7-37333,B) others, a mechanical property, and a chemical property 
improve remarkably is known. [ thermal properties /, such as glass transition 
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temperature and softening temperature, ] 

[0017] The nitrogen content in glass can control a nitrogen content in the glass 
presentation range not more than 15wt%, the peak location of an emission spectrum 
can be moved, and, as for the fluorescent substance of this invention, the peak 
wavelength in the excitation spectrum of an oxy- nitride glass fluorescent substance can 
be further adjusted in the green range from ultraviolet. Since migration of this 
emission peak wavelength changes from yellow to red gently, it can attain multiple 
color-ization of a fluorescent substance easily by changing a nitrogen content. A more 
desirable nitrogen content is 4 - 7wt%. 

[0018] There are two approaches as a typical method of manufacturing oxy-nitride 
glass, one is the approach of using and fusing a nitride to a nitrogen source, and it has 
a method of nitriding the porous glass produced with the sol-gel method etc. as other 
approaches by ammonia gas. 

[0019] Although it is dramatically difficult to carry out a nitrogen content more than 
10wt% since a nitride decomposes the former approach at the elevated temperature at 
the time of melting, the oxy-nitride glass containing comparatively a lot of nitrogen is 
obtained, for example by compounding these glass under the nitrogen application of 
pressure often atmospheric pressures. Such oxy-nitride glass is [0020] which is further 
excellent in a mechanical strength or chemical stability. In fluorescent glass, only one 
kind of emission center is included fundamentally. However, it is possible when two 
kinds of rare earth elements are contained in fluorescent glass. Two can be mentioned 
as this effectiveness that dopes two kinds to fluorescent glass simultaneously. It is a 
thing of one forming sensitization, and another newly forming the trap level of a carrier, 
and making a manifestation and an improvement of high-persistence, and thermostat 
luminescence improve. Generally as a combination in which sensitization is observed, 
Ce3+ ion is mentioned to Tb3+ ion and Tb3+ ion to Eu3+ ion. 

[0021] In order to make other rare-earth-elements ion (Gd3+, Tb3+, Dy3+, or Sm3+ ion) 
into a sensitizer besides Eu2+ (or Ce3+) ion, these rare earth oxide can be included as a 
coactivator with O.riO-mol % of a content in fluorescent glass. 
[0022] As oxy-nitride glass SrON, Mg-Si-ON, aluminum-Si-O-N, 
Nd-aluminum-Si-O-N, Y-aluminum-SrO-N, calcium-aluminum-Si-O-N, 
Mg-aluminum-SrO-N, Na"Si-ON, Na-calciunvSrO-N, Li-calcium-aluminum-SiO-N, 
[0023] by which systems, such as Na-B-Si-ON, Na-Ba-B-aluminumSrO-N, 
Ba-aluminum-Si O-N, Na-B-ON, Li-P-ON, and Na-P-ON, are known The system 
which serves as a base material of this invention in these systems is 
calcium-aluminum-Si-O-N system oxy-nitride glass (work thing which flowers 
produced in 1983.). "It has the presentation equivalent to Journal of Non- Crystalline 
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Solids 56 (1983) 147-152. 

[0024] It is reported that the nitrogen content of this calcium-aluminum-SrO-N system 
oxynitride glass is about 5.5 wt(s)%, and the presentation of this oxynitride glass can 
be used for it as base material glass of the fluorescent substance of this invention. 
[0025] Although the manufacture approach of the calcium-aluminum-Si-O-N system 
oxynitride glass fluorescent substance of this invention can use an above-mentioned 
conventionally well-known approach, it mixes with other raw materials in that case, 
using a rare earth oxide as a raw material, and it carries out heating fusion in 
nitrogen-gas-atmosphere mind by making this into a start raw material, and 
compounds fluorescent glass. 

[0026] For example, A1N can be added to a rare earth oxide and a metallic oxide CaO 
(<- CaCO [3 ], aluminum [ 203 ], and Si02), and it can dissolve and compound at an 
about elevated temperature, for example, 1700 degrees C. In this case, aluminum 203 
The nitrogen content in glass can be changed by changing the rate of A1N. 
[0027] Below, the relation of the nitrogen content, and the excitation and the 
fluorescence spectrum in the calcium-aluminum-Si-O-N system oxy nitride glass which 
doped Eu2+ ion is explained in detail. Preparation of a sample was performed using the 
following raw material presentation. Raw material powder was mixed by each 
presentation of the following samples A, B, and C, in order to avoid a reaction with 
internal insulation for this mixed sample powder, the package and the high-frequency 
furnace were used for the molybdenum foil, under nitrogen-gas-atmosphere mind, in 
1700 degrees C, heating fusion was carried out, it quenched further, and fluorescent 
glass was obtained for 2 hours. 
[0028] ((A) Sample) 

CaC03 :A12 03 :Si02 :AlN:Eu2 03 =24.0:3.3:33.4:33.3:6.0(N:5wt%) 
((B) Sample) 

CaC03 :A12 03 :Si02 :AlN:Eu2 03 =26.2:9.i:36.4:21.8:6.5(N:3wt%) 
((C) Sample) 

CaC03 :A12 03 :Si02 :AlN:Eu2 03 =27.7:l5.4:38.5:ll.5:6.9(N:2wt%) 
[0029] Excitation and the fluorescence spectrum of the calcium-aluminunrSi-ON 
system oxy nitride glass which doped Eu2+ ion to drawing 1 are shown. The nitrogen 
content of fluorescent glass decreases as it becomes Sample C from Sample A. The 
excitation-spectrum reinforcement of these fluorescent substances increases from 
400nm suddenly, and has maximum around [ 500nm ]. On the other hand, the peak of 
an emission spectrum became 600nm [ about ] (red). The location of an emission 
spectrum was shifted to the short wavelength side when the nitrogen content in glass 
decreased. Thus, multiple color-izing of a fluorescent substance is possible by 
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controlling a nitrogen content. Sample A has an about 5 wt(s)% nitrogen content, 
Sample B has an about 3 wt(s)% nitrogen content, and Sample C has an about 2 wt(s)% 
nitrogen content. 

[0030] In the excitation spectrum of drawing 1 , it has two peaks. A 250'350nm peak 
belongs to the charge transfer absorption band of EuO, and, on the other hand, a 
450-550nm peak belongs to the charge transfer absorption band of Eu-N, respectively. 
Therefore, if the nitrogen content in fluorescent glass decreases, the charge transfer 
absorption band peak of 450-550nm EuO will decrease. 

[0031] It can be said that the oxynitride glass fluorescent substance of this invention is 
so good that a nitrogen content is large when making InGaN system blue LED into 
excitation light (450"550nm\ When Sample A is compared with Sample B, it turns out 
with the increment in a nitrogen content that the peak of the charge transfer 
absorption band of Eu N moves to a long wavelength side. Therefore, it can be made in 
agreement with the wavelength of the excitation light of various kinds of blue LED by 
changing a nitrogen content slightly. 

[0032] If a nitrogen content is decreased in Sample C from Sample A, a luminescence 
peak will move to 580nm continuously from 680nm. Supposing it does not take in the 
peak location of an excitation spectrum to a materials design, the fluorescent glass 
which has luminescence to 580-680nm can be obtained by controlling a nitrogen 
content. 

[0033] From the above result, 4 - 7wt% of a nitrogen content is good, and fluorescent 
glass with excitation and an emission spectrum as occasion demands can be 
compounded by changing a nitrogen content in this range, 
[0034] 

[Example] The example raw material powder which doped example lEu2+ ion was 
mixed by the following presentations, under nitrogen- gas-atmosphere mind, heating 
fusion was carried out for 2 hours, this mixed sample powder was further quenched in 
1700 degrees C, by using a package and a high-frequency-heating furnace for a 
molybdenum foil, and fluorescent glass was obtained. 
[0035] ((A) Sample) 

CaC03 :A12 03 :Si02 :AlN:Eu2 03 =28.2:3.i:31.4:3L3:6.0(N:5wt%)(Eu:i2.0%) 
((B) Sample) 

CaC03 :A12 03 :Si02 :AlN:Eu2 03 =28.6:3. i:3L9:31.8:4.6(N:5wt%)(Eu:9.2%) 
((C) Sample) 

CaC03 :A12 03 :Si02 :AlN:Eu2 03 =29.i:3.2:32.3:32.3:3.l(N:5wt%)(Eu:6.2%) 
((D) Sample) 

CaC03 :A12 03 :Si02 :AlN:Eu2 03 2 =29.4:3.2:32.7:32.6:2. l(N:5wt%)(Eu:4.2%) 
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[0036] Excitation and the emission spectrum of the calcium-aluminum-Si-O-N system 
oxy-nitride glass with which the amounts of dopes of Eu2+ ion differ in drawing 2 are 
shown. The configuration of excitation and an emission spectrum is the same 
regardless of the amount of dopes of Eu2+ ion. However, excitation / luminescence peak 
moves to a long wavelength side, while the amount of the Eu2+ ion in fluorescent glass 
increases from D to A. 

[0037] The example raw material powder which doped example 2Ce3+ ion was mixed 
by the following presentations, under nitrogen- gas- atmosphere mind, heating fusion 
was carried out for 2 hours, this mixed sample powder was further quenched in 1700 
degrees C, by using a package and a high-frequency furnace for a molybdenum foil, and 
fluorescent glass was obtained. 
[0038] ((A) Sample) 

CaC03 :A12 03 :Si02 :AlN:Ce02 =28.3:3.3:33.8:33.6:i.0(N:5wt%)(Ce:i.0%) 
((B) Sample) 

CaC03 :A12 03 :Si02 :AlN:Ce02 =29.5:3.3:33.4:33.3:0.5(N:5wt%)(Ce:0.5%) 
[0039] Excitation and the emission spectrum of the calcium-aluminum-Si-O-N system 
oxy-nitride which doped Ce3+ ion to drawing 3 are shown. Although the excitation 
spectrum changed the configuration a lot with change of the amount of dopes of Ce3+ 
ion, an emission spectrum is not much unchanging and the broadcloth peak which has 
maximum in the range of 400-450nm is shown. The excitation spectrum of the sample 
B with few amounts of dopes of Ce3+ ion has two peaks, and the peak whose 
200-330nm peaks are Ce3+0 and 330"400nm belongs to the charge transfer absorption 
band of Ce3+-N, respectively. Each of this fluorescent glass has the high-persistence 
which continues emitting light also after stopping the UV irradiation which is 
excitation light. 

[0040] The example raw material powder which doped example 3Cr3+ was mixed by 
the following presentations, under nitrogen-gas- atmosphere mind, heating fusion was 
carried out for 2 hours, this mixed sample powder was further quenched in 1700 
degrees C, by using a package and a high-frequency furnace for a molybdenum foil, and 
fluorescent glass was obtained. In addition, in order to examine the homogeneity of the 
obtained sample about the fluorescent glass which carried out activation of Cr3+, 
respectively, two kinds were produced, respectively. 
[0041] ((A) Sample) 

CaC03 :A12 03 :Si02 :AlN:Cr2 03 =28.3:3.3:33.8:33.6:i.0(N:5wt%)(Cr:2.0%) 
((B) Sample) 

CaC03 :A12 03 :Si02 :AlN:Cr2 03 =28.3:3.3:33.8:33.6:l.0(N:5wt%)(Cr:2.0%) 

[0042] Excitation and the emission spectrum of the calcium-aluminum-Si-O-N system 
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oxynitride glass which doped Cr3+ ion to drawing 4 are shown. In drawing 4 , as for 
the oxynitride glass which doped Cr3+ extracted from the same batch, two kinds of 
samples (A and B) were checked. The excitation spectrum of Sample A is the result of 
measuring acting as the monitor of the 470nm luminescence. The emission spectrum 
measures 270nm as an excitation light. 

[0043] On the other hand, the excitation spectrum 1 of Sample B is measured, acting as 
the monitor of the 440nm luminescence. Moreover, the emission spectrum 1 of B is 
what measured 255nm as an excitation light, and the emission spectrum 2 of B 
measures 335nm as an excitation light. 

[0044] Although excitation and the emission spectrum of Sample A differ from both the 
spectrums of Sample B, when it often observes, there are two peaks in each excitation 
spectrum. Moreover, both samples are similar if it takes into consideration that a 
broadcloth emission spectrum peak exists like 350-600nm. In addition, absorption of 
the parent ingredient with which fluorescent glass has the 255nm peak of an excitation 
spectrum, and a 335nm peak belong as own absorption of Cr3+ ion, respectively. 
[0045] The example raw material powder which doped example 4Mn2+ was mixed by 
the following presentations, under nitrogen-gas-atmosphere mind, heating fusion was 
carried out for 2 hours, this mixed sample powder was further quenched in 1700 
degrees C, by using a package and a high-frequency-heating furnace for a molybdenum 
foil, and fluorescent glass was obtained. In addition, in order to examine the 
homogeneity of the obtained sample about the fluorescent glass which carried out 
activation of Mn2+, respectively, two kinds were produced, respectively. 
[0046] ((A) Sample) 

CaC03 :A12 03 :Si02 :AlN:MnC03 =29.9:2.8:33.2:33.i:i.0(N:5wt%)(Mn:l.0%) 
((B) Sample) 

CaC03 :A12 03 :Si02 :AlN:MnC03 =29.9:2.8:33.2:33. i:i.0(N:5wt%)(Mn:i.0%) 

[0047] Excitation and the emission spectrum of the calcium 1 aluminumSi-O-N system 

oxynitride glass which doped Mn2+ ion to drawing 5 are shown. The oxynitride glass 

which doped Mn2+ from the comparison of the excitation and the emission spectrum of 

the sample A in drawing 5 and Sample B is uniform. 

[0048] 

[Effect of the Invention] the fluorescent substance of this invention - the location of an 
excitation spectrum - oxide glass comparing - a long wave - it moves to a merit side 
remarkably, and since an absorption peak serves as max in the luminescence peak 
neighborhood (450-520nm) of blue LED and peak width also becomes large further, 
when InGaN system blue LED is made into the excitation light source, if it combines 
with this fluorescent substance, it is excited efficiently and brighter white LED can be 

11 



JP2001-214162 English.doc 



realized. Moreover, if structure can fill even a loose part and a reaction condition unlike 
a crystal like an oxy-nitride, glass can change freely the ratio of O and N in oxynitride 
glass, and can attain easily multiple color-ization of the fluorescent substance by 
change of N content. 
[Brief Description of the Drawings] 

[Drawing l] Drawing 1 is the graph of the excitation and the fluorescence spectrum in 
which N content dependency of the oxy-nitride glass which doped Eu of this invention 
is shown. 

[Drawing 2] Drawing 2 is the graph of the excitation and the fluorescence spectrum in 
which the amount dependency of Eu(s) of the oxy-nitride glass which doped Eu of this 
invention is shown. 

[Drawing 3] Drawing 3 is the graph of the excitation and the fluorescence spectrum of 
the oxy-nitride glass which doped Ce of this invention. 

[Drawing 4] Drawing 4 is the graph of the excitation and the fluorescence spectrum of 
the oxy-nitride glass which doped Cr of this invention. 

[Drawing 5] Drawing 5 is the graph of the excitation and the fluorescence spectrum of 
the oxy-nitride glass which doped Mn of this invention. 

l.This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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<«fBH¥8 - 1 3 3 7 8 0#&«) *lMb««**/ 
(»BB¥1 0- 1 6 7 7 5 5-^&«) #*n6*lTO 
-S. 40 

<DS*5»rt«ft^affitt*£*i-r*»wraeL e 

[0 00 5 ] SfeL E DCca-ra»**4 It, 1$CC. 50 
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(Y. Gd) , (A 1 , Ga) 5 O l2 ©I^I§n 
5YAG«ffi{b^«(*»^*CcC e* K-^U/c«3fe* 

^enrc^, cv&ytmzft&frbftytm® i n g 

[0 0 0 6] O^U &&LED<DftmtbXmm2tl 
h 1 nGaN35«feLED©7S-rf6*f-^«4 65- 
52 0nmt YAG^^^JSjgf ^>C ^> 
ifc6$5ffl J: ») ftttffiMCcfiMM- £ • 

[0007] 

0<«^£4>©#HRft'C*£. £<Dtc&>, InGa 
N^Wfe L E D 9- v V'dC Y A G^«*(*«r I T ffi 6 

#»feL E D <omt fcf - * iS»$ J: < gft 6 
[0008] 

ofc«w«r»c*g . pirn • *^««©j»»«stt 

I(^5 5 0nm) Ccjgjitax^ b;l/£&ofc*^>^ 

<b«5^7^©(^KW^ftcn Tftfr^ 

tttt. ^+vS{b»//^^*8**ll4iU'Cffli». Si* 

t^(DCa 2 ^^>(D-gP^^^ift^>Eu 2 \ E 

[ 0 0 0 9 ] *$MBtt* *jw**7ft-c, CaC0 3 £C 
aOKftJIOT : 2 0-5 0*;b%. A I , 0 3 :0- 
3 0 S i O : 2 5 -6 0 A IN : 5- 

5 0 «±JHM^*yt«a»^JRM<b» : 0 . 

i-2 0^e;i/%r\ Sf8ft<D&i s r& l 0 o^e;u%ift§ 

[0010] S/t, **WB. IftWl^ 15wt% 

[0 0 1 1 ] *fc. itE©»±SmH^b»-fai- 
>Otetc»fflWJ i ft 5fto#±Sl7cS * > ^#±SSS? 
Miirf^x^o. l-i o^;u%cd$qH(D 

[00 12] 2 InGaNStfiLE 



(3) 

3 

[0013] *ftW<Dmftft<Omft<DC a C 0 3 C 

$##7 x *«c##*4><!: & £*±!S * > g /c wa» 

£6, 2 0-3 0*JU%©ffiH#<fc9W*bC\, «C*J. 
^ccsg&cKS ft* -5 c <b cc^ o rifcHMMW * > <b fc 

ifc'OO. 1-2 0 W/o«rttSmaiM^)C 10 

[ 0 0 1 4 ] A 1 N t A 1 a 0 3 S*SWS*SMb 
£tt£fctfHCffll>& 0 AlNAUO^lOW/o, Al 
, 0 3 #0-2 0*)l%<Dmm&£*)&& Ut>. SiO 
, W\ tfvXJ&lSj&ftQ*— O-C*0, CaO 

3 0-4 0*;i/%<D«H^J:0J¥ £H\ 

[0015] %±mmim£tc! l zm&&mM{tmz, e 

u»\ Eu 3 \ Ce 3 \ Tb^^i'COf±S>f^>^/c 
(JCr 3 \ Mn l ^j:i-(Dji^i>f^>^^7^^F 20 

6*ifci»0. 5-1 o*;u%oi»rifl:cc*jiir«i^* 
[0016] **ismWfoi3vWX. ffi^rS* 

0< fa±T& (0flx.«, ^7 -3 7 3 3 3^IR) 

ci^enti^o 30 
[ooi7] xmnomytm*. tf^xoHDsm^m 

tt> 1 5 w t %felT©*r7^ffl«EaEHfc*5^rSSR$W 
gMb-TSfca^ ^«Wtt*£fb3ltSC<L(c<fc«53iife 

[ooi8] **^fifb»^^*«J6-rs«*wa:* 40 
fbsi***ffi3W*a, 

[0019] aj#o*ffi«js»ie©asfirafb»3&s»j» 

«tStt?»S^b*fl»cStt«c3 6K:«*i so 
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[0 02 0 ] 3***7 7 X*CCtt. ^fft&C-ilScDfS* 

— ott. WBftfiJ, +t'J7-0 
h 5 » ^ffifctffcteiBiSU »3«36tt©»3»*5J:C«S[ 

CC, Eu 3 * Jt^lCftUXTb 3 * Tb 3f ^> 

[0 0 2 1 ] Eu N (^WJCe Jf ) -Y*>©te*PCC 
flii©#±^JU*> (Gd 3 \ Tb J \ Dy 3 \ *fc 

±»»b»*s##7*+eco. l-iow/oOM 

[0 02 2] * +J/»k«^7^ i Lttt, Si-O- 
N. Mg-Si-O-N, Al-Si-O-N, Nd - 
Al-Si-O-N, Y-Al-Si-O-N, Ca- 
Al-Si-O-N, Mg-Al-Si-O-N, Na 
--Si-O-N, Na-Ca-S i -O-N, Li - 
Ca-Al-Si-O-N, Na-B-Si-O-N. 
Na-Ba-B-Al-S i-O-N, B a - A 1 - S 

i-O-N, Na-B-O-N. Li-P-O-N, N 
a-P-0-N& £<DHk&1® hinX^h 

[0 0 2 3] Cti6©lR©*r, *fMB©»W£*4» 
tt. Ca-A 1 - S i -0-N^^^y^W7X 

(fWE€># 1 9 8 3^CftSt/fc6<D. TDoumal of No 
n-Crystalline Solids 56(1983)147-152 ) CCffliST £ 

[0 02 4] C©Ca-Al-Si -0-N&*^>g 
jffl^7X(Di^fI(t JKJ5. 5wt°/o£lKS^ 

[0 02 5] *898©Ca-A 1 -S i 
VS{b«J ^7^ 3tJ^©«Jfi*ffi^Jfi©fBfe^©* 

im±oxmi,\ mofimtmsu. ctt&mtmt 

[0 02 6] «*tf . #±«BMb«J. ^IRKfbttC a O 
(-CaCO, , A 1 2 0 3 , SiO, ) CCA 1 NfcflD 

mm. mz.Mii oo-cmmxmMux&m-rzz 

i^-C#^« C©KHC % Al, O, iA 1 NOl^^^ 

[0 02 7 ] WTCC, Eu'^^y^F-^UcCa- 
Al - S i -0-N^^+^^b«5*'^XCCfcCt-2>^ 
^WSiffliS- Safe*'** h;U4©H«*»0<8i!aT 



5 

eca*. iB«»jP*rffli*r, ssshstf. i 7 00°c 

[0 02 8] (Kf4A) 

CaC0 3 : A 1 , 0, : S i 0 2 : A 1 N : E u 2 0 
3 = 24. 0:3. 3:3 3. 4:3 3. 3:6. 0 

(N : 5wt°/o) 

(KHB) 

CaCO, :A1 2 0 3 : S i O, : A 1 N : Eu 2 O 
3 = 2 6. 2:9. 1:3 6. 4:2 1. 8:6. 5 
(N : 3wt°/o) 

<k»c ) 

CaC0 3 : Ah 0 3 : S i 0 2 : A 1 N : Eu 2 O 
,=2 7.7:1 5.4:38.5:11.5:6.9 
(N : 2wt°/o) 

[0 02 9 1 HHC. Eu l ^t>^F-7'UcCa- 
A 1 - S i -0-N*^^S<b«J^7^©ae -m* 

<D«2X^ hJUSSffiW. 40 0 nm&^CCiiiJnU 
5 0 0 nmaOCCS^cti^o,, — f^X^hU- 
6 00 nm20 (jSfe) ifcofc, mtT, 

604 A tt. ^5wt%©lMWl^WU K*4B 
tt, ft3wt%©IIMMWl > K*4C«\ 1^2 w 

[0 03 0 ] 0 lOKax-^ h;utc«-o©fcr-^«: 
WfS 0 2 5 0^3 5 0 nmCDt-^BE u - 0©1S 
^SftPRiR^CC, — 4 5 0-5 5 0 nmOtf- *»E 

ot t S3fc^7X*OS3RSW** J «ii> , rn«4 5 0- 
550nm<DEu- O^^ttKlR^t'- ^^^"T 

[0031] xmnox^ismitMrtvzmytmz, i 

nGaNSUSLED^fljfa* (4 5 0-5 50 nm) 

14a i«*4 b t fctbBrr s i , fi*$ws©ti»n(cf*i^ 
e u - n <DmM&mm.Mw<D f - ^«s»siMcc»tt'r 

[0032] Kf4A*>6K*4crc^£wa£«^$tf 

£<h, 6 8 0nm^658 0nm^ii*b'-^^Ii 
5Cir5 8 0-6 8 0nm*"C(WS*^fiS^ 
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[0033] «±©te*cfc o , mm^mmt. 4 - 7 w 

[0034] 

T. 1 7 0 0"C*cte<,>-C2BS[iB, fflftjgRkU S6Cc:& 
[0 0 3 5 ] (KI4A) 

CaC0 3 : A 1 2 0 3 : S i 0 2 : A 1 N : E u 2 O 
, =2 8. 2:3. 1:31.4:31.3:6.0 

(N : 5 w t%) (E u : 12. 0%) 

(1**4 B) 

CaC0 3 : A 1 2 0 3 :Si0 2 :AlN:Eu 2 0 
,=28,6:3. 1:31.9:31.8:4.6 
20 (N : 5wt%) (E u : 9. 2%) 
(KI4C) 

CaCO, : A 1 2 0 3 : S i 0 2 : A I N : E u 2 O 
3 = 29. 1:3. 2:32. 3:3 2. 3:3. 1 

(N : 5wt%) (E u : 6. 2%) 

(1*14 D) 

CaCO, :A 1 2 0 3 : S i 0 2 :AlN:Eu 2 0 
32 =29. 4:3. 2:32. 7:32. 6:2. 1 
(N : 5 w t%) (E u : 4. 2%) 
[0 0 3 6 ] 02 Eu'W^OK-^loaftS 
30 Ca - A 1 - S i - 0-N*2|- + ->Sft!B5^7^^©JaS 

[0 03 7 ] £j&ffl|2 

40 i 7 o o*c(c*jc*r 2bsh % Jra$i§i4u setc^u 

[0 03 8 ] (SSI4A) 

CaCO, :A 1 2 0 3 : S i 0 2 :AlN:Ce0 2 
= 2 8. 3:3. 3:3 3. 8 : 33. 6:1.0 

(N : 5wt%) (Ce : 1. 0%) 

<K»B) 

CaCO, :A 1 2 0 3 : S i 0 2 :AlN:Ce0 2 
= 2 9. 5:3. 3:33. 4:33. 3:0. 5 
(N : 5wt%) (C e : 0. 5%) 
50 [OO39103K. Ce Jt ^>^F-7'L//cCa- 



h;wra**9^fo*3&<, 4 0 0-4 5 0nm<£>$B 
BtCfe^ffi^o^D- Ktttf-**5*LTl>5. Ce 

It l^b'-^^O, 2 0 0-3 3 0 nra(Df-^ 
#Ce J *- O. 33 0-400nmOt-^Ce 3 ^ 

[0 04 0 ] 

1 7 0 0*acfcl>r2B$Ril fttiKkiSiSU SfcfcftiftL 
[004 1 ] <K*4A) 

CaC0 3 :AI, 0 3 : S i 0 2 :AlN:Cr 2 0 
3-28.3:3.3:33.8:3 3.6:1.0 

(N : 5 w t%) (Cr:2. 0%) 

(1**4 B) 

CaCO, :A1 2 0 3 : S i 0 2 :AlN:Cr,0 
3=28.3:3.3:33.8:3 3.6:1.0 

(N : 5 w t%) (Cr : 2. 0%) 

[0 04 21B4CC, Cr 3 ^t>^F-7l/cCa- 
Al-Si -0-NlR**^»b*//^^©a»3 • 

osci4 (AiB) ^«sssn/c. m^Acommx^f h 

hJUtt. 2 7 0 nm*ig*(!: 

[0 04 3 ]-^ Kf*B©BjHX*** M/l tt % 4 4 

BCDIfe**^* hJH«, 2 5 5nm*lg36i 

3 3 5 n m«:ae3t:i 0TiM5£l//cfc©r&£. 
[0 044] K»A <D®jj£e . jfcjfc*'* * h jUBttftB© 

2yfc*<^* h;U©:/ci- Kttt-^»3 5 0-6 0 0 n 

C»S. KbgX'** h;KD2 5 5 nmOf-^(J ( 

a**7^3W*-ra««e«»©BJR. 33 5 nm©t- 
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[0 04 5] HSSW4 

T. i 7 o o # cccte(,»r2^ra, ttdKk&Bo. 3 6cc& 

10 [0 04 6] (|5»4A) 

CaC0 3 :A1 Z O, : Si0 2 :AlN:MnCO 
3 = 2 9. 9:2. 8:33. 2:33. 1:1. 0 
(N:5wt°/o) (Mn : 1 . 0%) 
(K»B) 

CaC0 3 : Al, O, : S i O, :AlN:MnCO 
3 =29.9:2.8:33.2:3 3. 1:1.0 
(N : 5wt°/o) (Mn : 1 . 0%) 
[0 04 7 ]!5&C, Mn^^^F-^'l/cCa- 
A 1 - S i -0-N3fi**^»fc«J^/7^©JBlfi •** 
20 x^^h;l/*^r. H5CcfcWSBE»A<tKf4B©»«a 

[0 04 8 ] 

^ <t tb« o x&&m\tcm o < u 

5RjRt:-^3W»eLEDO^f-^ifi2 (4 5 0-5 
2 0 nm) r»*<fctt3, S^CC. fcT- ft 
*/ctf>, 1 nGaNlR«&LED*BiB*jBCCLfcii 

[HI] HI 12* **IBOEu*K-^0fc**5/»b 

[B2)B2». *^OEu^F-^Uc^^t 
40 W77©Eulft#M^fi§- IS**^ h;UO 

[13] 13it *«98©C e£ K-^Lfc^+VSMb 

[04] H4tt, *»Cr^F-7'L/c^^ft 

[15] 15«, ^HgCDMn^: F-^0fc**^SWb 
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